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Ignitability Characterization Background Document

1. ‘Introduction

Subtitle C of the Solid Waste Disposal Act, as amended
by the Resource Conservation and Recovery Act of 1976 creates
a comprehensive "cradle-to-grave' management control system
for the disposal of hazardous waste designed to prptectrthe
public hgalth and the environment from the improper disposal
of such waste., Section 3001 of that Subtitle requires EPA to
identify the characteristics of and list hazardous waste.
Wastes idéntified or ligzéd as hazardous will be included in
the management control system created by Sections 3002-3006
and 3010. Wastes not identified or listed will be supject to
the requirements for non-hazardous waste imposed by the
States under Subtitle D, The Agency has determined fhat
ignitability is a hazardous characteris;ic because improperly
managed ignitable wastes pose a substantial present or
potential danger to human health and the environment. The
purpose of this docuﬁent is to explain the Agency's definition
of iénitable wasté, to»discuss'éhe conments received on the

proposed definition of ignitability (43 FR 58955-58956,

December -18, 1978) and the changes subsequently made.
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II. Proposed Regulatibn

Ignitable Waste.
(1) Definition ~ A solid waste is a hazardous waste if
a representatije sample of the waste:
(i) 1Is a liquid and has a flash point less than
60°C (l40°F) determined by the method cited
below or an equivalent method, or
(ii) Is‘not a liquid and is liable to cause fires
through friction, absorption of moisture,
spontaneous chemical changes, or retained héat
from manufacturing or processing, or when
ignited burms so vigorouély and persistently
as to dreate a hazard during its management,
. e
(iii) Is an ignitable compressed gas as defined in
49 CFR 173.300(b), or
(iv) Is an oxidizer as defined in 49 CFR 173.151.
(2) 1Identification method
(i) Flash point of liquids shall be determined by a
Pensky-Martens Closed Cu§ Tester, using the
protocol specified in ASTM standard D-93—72,.or
the Setaflash Closed Testgf usiqg the protocol
specified in ASTM standard D-3278-73 or any other
equivglent method as defined in this Subpart. |
(ii) Ignitable gases shall be determined by the methods

described in 49 CFR 173.300.
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IIX. RATIONALE FOR THE PROPOSED REGULATION

A. Rationmale for Proposing an Ignitable Characteristic

Ignitability* was chosen as a characteristic of
_h;zardous waste because ignitable wastes pose a substantial
present or potentlal danger to human héalth‘and the épvirou-
ment i1f improperly managed. Such wastes can cause fires
o7 which directly damage the eavironment by heat and smoke pro-

duction or indirectly damage the en#i:onment by providing a
vector through which other hazardous wastes can bé dispersed.
An example of the l#tter would be the creation of convection
currents tha§ transportAtoxic particulates. Ignitable wastes
may also result in fires which cause otherwise benign wastes
to become hazardous. An example of this would be the pro—'
duction of noxious fum?iAfrom the buraing of plastic waste.
Past routine managemeﬁt of igni;ablé wvastes has resulted in
death and injury to persons and damage tb property. Appendix
I lists and discusses some of these damage incidents.
In acknowledgment of the dangers associated with ignitable
. .wastes, Congress designaﬁed flammability (ignitability) as a
potentia; hazafdous characteristic. At page 25 of the

House Report**, the House Committee stated as follows:

* EPA has used the term "ignitability" to avoid confusion
‘with DOT's use of the term "flammability”™ 1in its regulations.
EPA's definition of ignitability {s symonymous with ASTM's

T definition of flammability., ASTM defines flammability as the
capability of a substance/waste to undergo a rapid exothermic
-oxidation process accompanied by continuous evolution of
heat and usually light under normal zmbient conditions.
**Report of the Committee on ‘Interstate and Foreign Commerce,
U.S. House of Representatives (H.R. 14496) :

- ~
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". « ., the Coumittee's intention is

that EPA, in the development of the
‘characteristics of a hazardous waste

take into consideration the toxziecity

of the waste, its persistence and
degrability in nature, its potential

for accumulation into tissue and

other related factors, such as \
flammability, corrosiveness or other
hazardous characteristics.” (emphasis added).

In further acknowledgment of the dangers posed by ilgnitable
wastes, several States regulate or set guideiines for the
management of ignitable wastes and public or private
organizations often publish suégestions for thelr safe
management. Appendix iI lists some of these regulations,
guidelines and suggestions. For a detailed discussion on the
criteria for determining characterigtics, see appropriate
background document.

B. Rationale for progosed'definitiou

In formﬁlating thevignitability characteristic, the
Agency has sought to idenfify and employ an inditatér or
measure of ignitability which\best models the hazards associ-
ated with ignitable wastes. Unfortunately, no single indicator
adequately models the'hazards presentgd by all of the physical

. states (gas,'liquid, semi-solid, or solid) in which ignitable
‘wastes occur. Consequently, the Ageﬁcy has had té treat the
different physical states of ignitable wastes separately in
-construcfing its definition of ignitability. Thi§ séparate

treatment is discussed below.




l. Ignitable Liguids

There are several established measures or indicators
of the ign;tability of a liquid waste*{ for example, flash point,
fire point, au;oignition, etc. These measures and other terms
related to fire phenomenon measurement are presented and
defined in Appendix III. Tﬁe most attractive of these
indicators of ignitability is the flash point of the waste.
Flash -point i1s defined as the lowest temperature, corrected
to.a pressure of 101.3 K Pa (1013 miliibars), of a substance
at which application-of an ignition source causes the vapdr
above the substance to ignite under specified conditions of
téétl; The Agency belleves that flash point best models
the hazards associated with the disposal of ignitable liquid
waéte streams. Vapor/air mixturesAabove'the liquid waste
can be readily ignited by ignition sources that typically'
are encountered in the transportatioq, storage, and disposal
of such wastes. Such ignition sources include the hot
exhaust systems of coﬁpaction equipment and trucks used in
landfills and for hauling wastes; electrical sparks from the
ignitibn systems of such équipmént; electrical Sparks from
pump motors and other elec;rical devices; and sparks from
friction and lighted ﬁigarettes. Internal temperatures can
'elevate the temperatures of wastes past ambient temperatures.
-Such interndl heat sources include thermal energy resulting
“from such things as the heat of decompositiop ofvorganic

waste or the absorbed heat of the sun on the sometimes dark

*L1quids are defined by the limitation of test standards
proposed later in this document.
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and broken surface of the landfill. Once ignited, liquid
wastes with 1o§ f}asﬁ points can cause fires which result in
the damage outlined above. All government agencies and
professional associations contacted by the Agency during
'the'early development of these regulations recognized flash
point as the primary indicator of the fire haiard of liquids.
The primarf'reasons given for this recommendation were the
general inéustrial acceptance of flash ppint test standards,
the inexpensiveness of flash point testing, and the many years
of data compilation. As Appendix II discloses, states and
public and private organizations which have promulgated
regulations and guidelines regarding ignitable liquids have
almost invariablf used flash pocint as the parometer of ignita-
bility.

-Another possible indicator of ignitasilify is the fire
point of the waste. Fire point 1is definéd as the minimum
temperature to which a‘material must be heaged in an open
vessel before the subétance will sustain combustion for a
specified period of time after ignition by an external sourcel.
Fire point differs from flash point largely in that it measures
the capacity of a substanéé to sustain combustion when ignited
by an e%ternal source rather than jﬁst the capacity of a
substance to flash. The two are thus closely related and
the fire point of a substance 1is generaliy only a few'degrees
higherAthan the flash point. Although fire point modéls

~the hazards which accompany the ignition of ignitable liquid
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waste streams, the Agency has determined that flash point is
the'bet;er indica#or of ignitability. This is because of
tﬁe small difference between f;ash‘point and fire point, the
widespréad acceptance of flash point by the regulated commun=-
ity, ;nd the dangers associated with liquids that flash.
Another possible indicator of ignitability is the
autoignition temperature of the waste. -Autoignition is the
spontaneous ignition of a material which o;curs not as a
result of an external ignition source, but as a result of
heat liberation from an exothermic reaction Accurring in the
materiall, Autoignition temperature is the temperature
at which this~spon£ane§us ignition takes place., - Auto-=
ignition temperatures teﬁd to be mgch~bigher than flash point
temperatures--generally several hundred degregs higher, as
Table 1 1llustrates. AConsequently, it 1is very unlikely that
wastes wpuid be exposed during thelr management to energy
sources ;f the magnitude necessary to heat them to ﬁhei;
auﬁoign;tion point. The Agency has rejected autoignition
temperatures as a suitable indicator of igpitability becauée
autoignition tempefature failé to model the particulér hazard
the Agency wishes to minimize -- i.e. the external ignition
of volatilized liquid wastes. To the extent the autoigniéion
of liquid wastes does_pose'a hazard, this hazard is likely
to be t;ken c;re of by,;he flash point limits.
) While most States, agencles, anﬁ organizations that define

ignitability use flash point as their criterion, there exists




Table 1

Comparison‘of Flash Point and Autocignition Temperatures

Substadce Flash Point* of Autoignition* of

°F (°C) °F (°C)
Acetaldéhyde ' 36 (2.2) 365 (185) -
Acetic Acid (Glacial) 109 (42.8) 800 (426.7)
Allyl Alcohol 70 (21.1) 713 (378.3)
Camphor | , 150 (65.6) 871 (466.1)
Ethyl Alcohol . 55 (12.8) 793 (422.8)
Fuel 011 #1 . 100 (37.8) 444 (228.9)

*NFPA, Fire Proteﬁtion Handbook, 12th Editiomn, Chapter 'IX,
Fire Hazard Properties of Flammable Liquids, Gases and Volatile
Solids, Table 6-126.




no consensus on what. the limit should be. For example, the .
Department 6f Transportation (DOT) defineé.suﬁstances with flésh
points below 37.9°C (100°F) as flamm#ble and flash points at

or above 37.8°C but less than 93.3fC(200’F) as combustiblel, "4
number of organizations, responding to the Department of
I;ansporta:ion's effort to'standardize iﬁs flash point limits,
‘have followed suit. See Appendix II. Ohio, on the other hand,
defines liquids with flash points less than 79.4°C (175°F) as
Aflammable and does not recognize the combustible éategory at
2113, Similiarly, the National Fire Protection Association
(NFPA) has e;ected é classification-system which defines
liquids'with flash polints below 37.89C (100°F) as Class I
(flammable) liqﬁids,.l;gyids with flash poinfs at or above
37.8°C and below 60°C(140°F) as ’Clas.s I1 (combustible)

liquids and liquids with flash points above 60°C as Class

I1I iiquids.

There are persuasive reasons for comncluding that these
various flash foint limits and classification schemes either
do not adequately take into account the hazards accompanying
the transportation, storage, and disposal of ignitable
liquid wastes or are inappropriate for other reasons. For
.1n§tance, the Department of Trapsportation's flash péint iimit-
of 37.8°C(100°F) for flamméble substances appears to have
been choséu for the purpo;e of keeping all of the fuel oils
_ ;egulated by DOT in the combustiblé.qategory (i.e., to avoid
classifying soume fuel oils as flammable énd others és combus~-
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tible). This flash point l1imit wasé apparently not designed
to take into account all of the heat sources to which ignitable
liquids are exposed during trausit, storage, and ultimate

disposal., J. M. Kuchté, et al., in aa early DOT study4

recommended as follows:

It is recommended that a flammable liquid
be definea as one with a f£lash point below
140°F, as determined in a Tag Closed Cup,
and having a vapor pressure not exceeding
40 psia at 100°F. The 140° break point is
suggested because ambient temperatures of
this order can be encountered during ship-
ment, particularly in hot climates, this
break point is also comsistent with the
NFPA and IMCO classification systems and
that proposed by IO0TTSG.

Similiarly, the clagsification schemes adopted by NFPA and

DOT are inappropriate because they would force EPA to

adopt a degree of hazard approach to the.ideﬁtificétion of
hazardous waste. EPA}s approach has been to .classify
wastes as elther hazardous or not and to rely on the

wasté management regulations promulgated under Section 3004

and 3005 to inject any needed flexibility into the waste

-management requirements¥,

In sglecting a flash point limit for controlling
ignitable liquids, the logical choice would be to use that
temperaturé to<which wastes are capable of being subjected

during routine management. After careful study, the Agency

. *One of those who advocated setting up a classification
system for defining ignitabllity was Mr. Harry A. Wray of
the American Society for Testing Materials. He advocated a
classification system based on a combination of NFPA Code,
D0T2, DOL? regulations. ‘
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hés discovered that liquid wastes are exposed to temperatures .
of up to 140° in the routine handling of such wastes. As
noted by J. M. RKuchta in the DOT study referenced abovea,

this upper temperature can occuTr inside‘storage tanks, storage
containers and transportation tank trailers on hot sunnf

days. As indicated by the studies referenced in Table 2,

this temperature‘is also frequently encountered in landfill
environménts. Accordingly, the Agency ﬁas elected to use a
flash §oint of 60°C (140°F) as the regulatory limit for °
“defining wﬁether a liquid waste is an ignitablg hazarﬁous
waste; To use a lower flash point limit would exclude from
regulatory coverage many liquia wastes which could, in fact,
present a hazard under gzgical conditions encountered in

liquid waste management, that is fires that result from the
ignition of these wastes, This flash point limit will include
éll those liquid wastes which would fall within Class I and

Class II of NFPA's classification scheme.

2. 1Ignitable Solids

Solid materials typically do not volatilize as liquid
materials since most solids have lower vapor pressures than do
liquids. Consequently, solid wastes rarely have low flash
points, that is those less than 66°C (140°F). The hdzards that
attend the management of liquid‘wastes and that are modeled
by flash point thus do not attend solid wastes. Even if

this were not the case, it would be difficult to construct a
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Table 2

Typical Landfill Temperatures

Study/References

. Temperature/Conditions

Remarks

Survival of Fecal
Coliforms and
Fecal Strepto-
coccl in a sani-

' 120°F (48.8°C) to 140°F

|
|
|
during the first week in |
the middle-section of thel

landfill at 2 to 6 foot |
cepths (temperatures were]|

10 to 15 legrees lower in]

the periphery.

—

Landfilling conditio
models nicely the ce
of many sanitary lan
disposal sites.

{
[
l
|
E
tary landf1116. {
|
I
I
[

Boone County Field|

Site Interim
Report, Test Cells
2A, 2C and 2D7.

Peak temperature recorded
was 51.1°C (124°F)

Highest readings wer
4 to 6 days after
refuse placement.

Sonoma County
Solid Waste
Stabilization

Peak temperature recorded
was 43.9°C (1l11°F)

The season temperat:
variations for this
study shown an ambi
range of almost 20°%
(78°F) over the ann
cycle. 1In general,
there 1s an ap- n
temperature ret - is
of the upper severa
feet of the landfil

Ambient temperatures
during test cell studies
peaked at 35°C (95°F) for
air and 59°C (138.2°F)
for refuse.

A0, . 17 i

Study$8.
Hanagement of Gas
and Leachate in
Decomposition of
Landf111s10

[
[
[
|
I
{
{
|
|
|
[
|
|
|
!
|
|
|
Landfills?, }
|
]
]
|
J
|
|
|
|
|
]
|
]
|
|
[

(1) 71°C (159.8°F) at
0.9m deep.

(2) 40°c
3.3m

(104°F) at

l
|
l
I
[
l
]
l
[
|
!
l
!
i
|
l
1
l
l
]
|
|
l
l
|
|
|
]
|
I
l
|
deep. {
|
|
|
|
|
|
J
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Study/Reference

‘Table 2 (cont.)

Temperature/Conditions

"Remarks

Water Pollution
Potential of
Spent 0il Shale
Residues20.

Surface temperatures of
77°C (170.6°F) have
been measured in small
experimental plots due
to absorption of solar
energy., '

Case spent shales
were studies in thes
plots. '

Evaluation of
Emission Control
Criteria for
Hazardous Waste
Management
Facilitiesze.

s et e it e e e ] e e e e e st e,

T
l
I
!
l
!
I
|
1
I
!
l
I
l
|
!
!

Study recommends th
materials with flas
points below 62.5°C
(150°F) need specia
disposal considera-
tions.
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reproducible flash point testing procedﬁre for solids. Solids
are usually poorer conductors of heat than liquids, and vary
widely in thermal transpoft properties. When a solid is héated,
heat build-up is intense at the energy source, dﬁe to poor
conductance. The flash point of a given solid wil; therefore
depend on ﬁhé duration of heating and the rate of change of
heating. For example, if a solid were heated slowly it

" would register a lower flash ,oint than 1f it were heated
quickly, due to the inability of solids to qgickly reach
thermal equilibrium. In light of the above, EPA has concluded
‘that~f1ash point is not an appropriate indicator of the
hazardousness of solid ignitable wastes.

While solid wastes generally do not present 2 h;zard by
virtue of théir abilityngé volatize, some solid wastes do
present a hazard by virtue of their capacity ﬁo ignité and
burn gs a result of friction, moisture absorption, orT
spontaneous_réaction under normal temperatures and preSSures
gncountered in waste management. Such wastes, which are
closely akin to reactive wastes, can czause direct injuzy to
workerg or other persons as a result of fire, induced
explosions, or induced geneération of toxic géses at almost
any point fn the waste management process: transportation,
storage, treatment oT disposal. EPA knows of no available,
§tandardized test methods for measuring the hazards associa-
ted with friction, moisture absorption,or spontameous

T

reaction of solid wastes. J.M. Kuchta and A.F. Smith of the

-14=-



Bureau of Mines inra report that was done for the Department
of Transportation!l éétablished test methods for use in
classifying flammable solids. However twé.independent
contractors assigqed the work of evaluating ﬁhe proposed
‘test profocols determined that these test methodi were not
reproducible12,13a14. These test methods are furthermore
quite complex,‘require special equipment, and are not wideiy
used., In -the absencé of available test methods which can bg
Used to quantitatively define the ignitability hazard presented
by waste, EPA proposed a narrative definition similar to fhe
one used by Dof in its Hazardous Materials Regulation (49

CFR 173.150;/,see Appendix VII). The proposed narrative
definition was as follows:

a2 solid waste is a hazardous waste‘if a re-~
presentative sample of the waste .... 1is

liable to cause fires through friction,

absorption of moisture, spontaneous chemical

change or retained heat from manufacturing

or processing, or when ignited burns so

-vigorously and persistently as to create a

hazard during its management.

EPA believes»thét this definition (as amended in accordance
witﬁ the discussion below), will be sufficieﬁtly specific to
enableAgenerators to determine, through their knowledge about
the waste or its constituents or through their prior observa-
tions of and e#perience with éimilar'types of wastes, whgther
their solid waste is ignitable. The waste ﬁroperty éefined
by this definition is that of thermal instability. Séiid
wastes having this proﬁeriy will, like reactive wastes, be
easily detectable by the generator because experiences with

handling the waste or similar wastes will most likely have

-15-




revealed this inatab;li;y. Therefore, until the Agency,

DOT, or others‘Are able to develop a more quantified définitién
of ignitable solids, with associated test methods, EPA believes
it is justified in using this narrative definitionmn.

3., Ignitable Compressed Cases‘

Containers of ignitable compressed gases are occasionally,
but not frequently,vdiscarded as wastes. The containers are
subject to mechanical rupture during tramsprortation, storage
and disposal. In addition, they are sudject to corrdsion énd 
eventual leaking in long-term storage znd land.-disposal. If .
ruptured or corroded, the egcaping gés could be ignited by

electrical sparks or other ignition sources, in the same

fashion as ignitable liquids. The fires resulting from suc;w
ignitions threaten injury to workers, firemen, aad other
exposed persons. DOT has defined compressed géses in 1ts
Hazardous Materials Regulations (49 CFR 173.300). This
definition sufficiently embraces the compressed gases which
arte likély,to be hazardous under conditions normally
encounteré& in the management of such wastes. Consequently,
EPA has adopted the DOT definition..

4, Ignitable Oxidizers

EPA considered including in ifs ignitability character-
istic wasteslwhich wvere not eaéily ignited bﬁ:-vhich, once
}gnited, would burn and contribute to zm ougoing»firg. The
.Agency has declined to classify such‘combustible gastes»as

i1gnitable 4in recognition of the fact that virtually all non-
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metallic wastes, including paper, waste wood products and

other organic wastes might display this particular feature.

"EPA believes that the waste management requirements imposed

under both Subtitle C and D of the Act, (which control open
burning and other conditions resulting in strong ignition
sources) will be sufficient to protect against any hazards-
éssociacéd with such combustible wastes.

Notwithstanding the foregoing, EPA has determined that
strong oxidizing wastes should be ciassified as hazardous
wasteé. Once combustion is initiated, these wastes would
promote and sustain very aggressive bﬁrning or fuﬁing and,
therefore, would Eignificant;y increase the peril to workers,
firemen, énd other exposed persons. EPA knows of no widely
available, simple, standardized test methods for measuring

and defining strong oxidizing wastes, In a DOT funded

study to develop a suitable test method,l5 the Bureau of

Mines proposed an apparatus for testing oxidizers which

is based on the burning rate of a red oak sawdust/oxidizer
mixture. In three later studies 12’13’14; two independent
contractors were assigned the task of eQaluating separately
the Bureau of Mines apparatus and classification éystem.
fhese contractors concluded that the reproducibility of the
test-protocél w;s_very poor. Consequently, EPA proposed
using the samé narrative,definigion used by DOT in.i:s

'

Hazardous Materials Regulations (49 CFR 173.151). EPA beliéve;

N ~

this definition is sufficiently descriptive to enable waste

generators to ascertain whether they have an oxidizing waste.
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C. Raticnale for Proposed Test Methods

1. Ignitable Liquid Test Protocols

There are two. basic methods ﬁsed for testing ﬁhe
flash point of liquids: open and closed cup testers. B&th
methods require that the sample be placed in a sampie cup
and heated at a slow and constant rate. In a closed cup
tester, the test flame is inserted into a vapor/air mixture
within the closed cup and over the liquid, whéreas in an
open cup, the test flame is'passéd over the vapor/air mixture
just above the liguid. While liquids will flash at the
same concentration of vapor and air ia both cups they will
flash aﬁ a lower temperature in a closed cﬁp. This 1s beczause,
in the open cup, the temperatqre nust be raised.to a greaier
degree to achieye the - same concentration-of vapor and air as
in tﬁe closed cup since the vapor above the liquid is’confined
in a closed cup but is allowed to diffuse into the atmosphere
in an open cup,

The Agency considers the closed cup tester to be more
suitable for testing fhe flash points of liquids. This is
“because the cloéed cup tester bettet_replipates the most
dangerous type of ignitabie tiquid waste situationm -- that
_is, the situation where vapor from ignitébie wastes collects
in a c¢losed space, such as in a‘storageAdrum, warehouse, etc,
A recenf'EPA report which lists»a large number of aééiden:s
involving landfill gas shows that volatile'gases emanating

‘- .
from landfills can accumulate in buildings, pipes, excavations,

-18-




manholes and soil up to 1000 feet from the fill arealf,

In one such accident, gas emerging from a landfill collected
in a barn and caused injury when it explodedlﬁ. The

closed ﬁup tester is a more conservative representation of
the hazard presented by such coﬁfinemeqt of the vapor from

volatilized liquids. 1In addition, the closed cup tester is

‘not as subject to interference from air currents and gives

more reproducible results.
Closed cup testers come equipped with different features.,.
There are two types of temperature baths available. (4 tempera-

ture bath is the heat transport media between the cup of the

" tester and the heating element). Since the purpose of these

temperature baths is to insure uniform témperature around
the entire sample, a liquid bath is superior to an air bath
becaﬁse liquids transport heat better than air, Also, there
are t%o\types of heating elements; eléctric and gas. It
makes little difference in the test results whether the
apparatus has a gas or electric burner. Béth are equally
accurate at the low temperatures of coucern. An optional
feature for closed cup testers is a mizing device or stirrer.
The stirrer can prevent interference in the operation of

the test which results wheﬁ test ﬁamples are very viscous,
tend to skin over, tend to stratify, or contain suspended

solids. TIf, for instance, a sludge is stratified, the upper

layers will inhibit the volatilation of the lower lavers. The

-evaporation of the lower layers will occur at the normal rate

_19‘—



only when the»iower ;aéers are in direct contact with the
atmosphere. A, mixing device cures this problem. Since the
most prevalent forms of waste streams destined for land
disposal are sludges and semi-solids, EPA belleves that
closed cup testers should bde eqﬁipped ﬁith a mixing device.
The closed cup tegter which satisfies the above require-
ments 1s the Pensky-Martens Closed Cup Teéter. Table 3 |
compares this tester with the Tag Closed Cup tester and
demonstrates available options. Table 4-ASTM Specifications
and Measured Performance for Several Flash Point Testers =
compares/data on repeatability and reproducibility4. As
shown in this table, there are two testers that are fairly

reproducible, The Taliague and the-Pehsky*Maftens Closed Cup

Testers.

J«. Kuchta in his report to DOT* made the following

recommendations:

According to the available data in the
literature, the Tag closed cup is suit-
able for determining flash points of
liquids over a temperature range from
about 220°F down to at least O0°F. '
_Although it 1is currently recommended
for determinations up to ounly 174°F,
ASTM Committee (D-2 and E=27) are
presently proposiag that the maximum
temperature be increased to 200° or
220 °F for use with liquids having

a viscosity of 4 centipoise (100°F)

or less. For liquids of higher
viscosity or higher flash points,

the Pensky-Martens closed cup

is recommended. However, one can

also extend the use of the Tag tester
"to the higher viscosity liquids by
employing a lower heating rate than
presently specified. A heating rate

-20=~
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of less than 0.5°F/min. or a maximunm
temperature difference of 5°F between
the bath and sample have been found
suitable for extending the applica-
bility of this tester to thicker fuels
and other highly viscous materials.

These recommendations are in order, éxéept that using

the Tag tester for very viscous materizls i1s not standard

-practice. .Agitation of the liqﬁid is necessary 1f the

liqﬁid has a vicosity of 45 S.U.S.* or more at 37.8°C (105°F)4,
or if it contains suspended solids or has a tendency to forn

a surface film during ﬁestin35 -Consequently, the Pensky-Martens
has beeﬁ recommended aé the tester for ignitable ;iquids because
of the incorporation of a stirfing‘device to handle the

testing procedure of sludges and slurries.

Another possiblé tester 1s the Setaflash‘téster, which

~is an electronic apparatus. The Setaflash tester was investi-

gated and found to be a good means of Zlash point de:e:mination,
and thus has also been included in the proposed regulations

as a means for determining the flash point of ignitable

wastes. The Setaflash closed cup tester determines Ilash
points between 0 and l110°¢C (32 and 230°F) having a viscosity
10war than 150 stokes at 25° ¢ (77°F)t. For liquids at or

below 45 S.U.S. at 100°F, the average of the duplicate results

obtained by the same operator on different:'days should be

* s,U.,S. means Saybolt Universal Seconds as determined by the
Standard Method for Saybolt Viscosity (ASTM D88-5% znd may be
determined by the Use of the S.U.S. conversion tables
specified in ASTM test D2161-66 folloving determination of
viscosity in accordance with the procedures specified in the
Standard Method for Transparent and Opague Liquids (ASTM

D445-65).
t Data on Setaflash available ASTY D3278-73.
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cbnsidered suspect if they differ by more than 1;7°C (3°F);
each of two laboratories should not differ bé 3.3'C(6°F)T.

For viscous liquids aSove 45 S.0.8. at 37.8°C (100°F) or
liduids with dispersed solids, duplicaﬁevresults obtained by
each of two laboratories should not diffe% by more than 5°C
(9°F)T Because this tester is relatively new, EPA asked one
ASTM Committee for recommendations regarding it. The opinions
were very positive from“both‘government and industrizl members.
It seems the tester can save a laboratory a substantial

amount of money if refetitive flash point determinations are
needéd, although the data for such savings was notAattainable.

2. "Ignitable Compressed Gas

Since EPA has adopted the DOT definition for
ignitable compressed gasses, the test nmethod specified in
the DOT regulations has’also been adopted. The Agency assumés
that this test protocol has undergone the required testing to
determine its accuracy, reproducibility, detection limits, etec.

Iv. Comments Received on the Proposed Characteristic and.
the Agency's Response to These Comments

The Agency received over one-ﬁundred comment letters
and oral statements¥ addréssing ignitability. Several of the
commenters agreed witﬁ tbe Agéncy's proposed definition. The -.
large majority of comments, however, expressed some concern

with -the Agency's 'ignitability characteristi¢c. These comments

% EPA held five public hearings to receive comzent
on the proposed hazardous waste regulations. The hezrings
were held in New York City (2/7-9/1979), St. Louis, ¥o.
(2/14-16/1979), Washington, D.C. (2/20-22/1979), Denver, Co.
(3/7-9/1979), San Francisco, Cal. (3/12-14/1979). -

-24 -




-

have been categdrized by either contert or the portiomn of the
regulation addressed. A discussion of these follows:

A. Comments on Ignitable Liquids

>

1. \A‘lafgg majority of the co=ments objected to
the Agency's proposed limit for ignitable 1iquids‘
(140°F). |
® _ Many éf the commenters suggested that EPA
~amend the proposed regulztfons and adépt DOT's
limit for flammable liquids (100°F). These
commenters argued as follows: (1) the highery
flash point limit chosen Bj EZPA is not justified
since it is doubtful whe:har highet temperatures
will be encountered durizg the disposal of
hazardous wastes than duzi=zg trapsportaticn,
(2) past drafts of the ignitability background‘
document list only two landfill fire incidents
in which the first materizl ignited was known
-and in both incidents the flash point was' less
than 100°F, (3) the DOT flashupoint limit {15
 based oﬁ experience and hzs provided adequaﬁe
protectioﬁ against ignitable hazards in the
past, (4) there is some cuestion whether the
140°F EPA flash point will capture significantly
more hazafdous waste thzaz the>lOO°F DdT flash |
peint, (5) EPA's use;of 2 different flash point

limit from that employed >y DOT will create‘

~25-




confusion in complying with DOT's placarding,
containerization and manifest requireménts and,
(6) EPA;s use of a different flash point goes
against the stated intent of RCRA to integrate
its provisions with those of DOT and other
agencies. In none of these commenfs was any
supporting‘data'presgnted for changing the
flash point limit to 100°F.

The Agency disagrees with these comments for
several reasons. As noted above, a number of EPA
studies indicate th#t land£411 temperatﬁres
frequently exceed the limit of 100°F adopted by
DOT. Temperatures of as high as 170.6°F(77°C)
were experienced at or near theAsurface of Cest.
landfill plots. These tecorded temperatures
indicate that a flash point limit higher than
DOT's 1s justified by the conditions likely to
ﬁe encoﬁnﬁéred during disposal. PFPurthermore,
DQT'é 100°F flash point limit does 20t appear to
take into account all of the heat sources available .
to'ignitable materials during transportation
and storage. J.M. Ruchta, et al., in an early
DOT study 10, recommendeﬁ '..(;hat a flacmable
l1iquid be defined as one with a flash point
below 14Q°F ...because-températures of this
order can be‘encountered during shipment ..."

Indeed, DOT's adoption of a 130° test temperature
in its metal éorrosion standard in effect consti- )

=26~




tutes an gcknowlédéﬁént‘that temperatures of
gfeater'than 100°F are likely to be encountered
during transportation and slorage (49 CFR 173.240).
The Ageﬂcy‘&isagrees with the statement that
the DOT requirement has in the past provided
adequate protection against fire fncidents
during transportatibn and storage. The Agency
reviewed the NFPA.files and found that 18 percent
of the fires in the "storage property” category;
13 percent of the fires in the "tranmsportation
vehicle, structure” category; and 18 percent of
the fires in the "open-field-dump” category were
started by materials or wastes with flash points
greater than 100°F (Tasle S and 6)., This datal’
tends to demonstrate that liquids with flash
points greater than 100°F prééént a significant
ignitability hazard. | 4
The Ageﬁcy acknowledges that its damage
files show only two landfill fires in which the
“first matet;al ignited" was known and that, in
both cases, the flash points were less than 100°F,
However, the Agency considers this irrelevant be-
cause it has never studied landfill fires,
”Simiiarly, industrial aﬁd‘iﬁsurance Eoﬁpanies
rarely investig;te the causes of landfill fires
because such fires rarely result inm a "large

loss.” The available data from NFPA, indexed in

-2-7-




Table 3, nevertheless shows that wastes with
flash points over 100°E do present a landfill fire
problem. i

The Agency does not believe that its use of
a flash point limit different from that employed
by DOT will cause undue confusion to the regulated
community or interfere with DOT's placarding,
countainerization and manifest requirements. The
term "ignit;bility" was selected to minimize any
confusion to the regulated comﬁunity since this
community is already familiar with the terms
"flammable" and "combugtible." EPA's RCRA regu-
lations impose esSeﬁtially no new placarding or
containerization requiremeﬁts for the trans--
portation - and storage of ignitable hazardous
wastes other than those already imposed by DOT.
The most significant new shipping requireﬁent
imposed by the RCRA regulaztions ié that transpor-
ters of ignitable wastés comply with the manifest
requirement but this requirement is capable
of being easily integrated with DOT's own ship-
ping paper requirements. Furthermore, the tests
which generators are required to conduct under
the RCRA regulations are the same tests required

.

"under the DOT regulatiomns.
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While the Agency acknowledges that'main-
taining consistenéy between its Section 3001
-regul#tions and chﬁse of DOT is a desirable
goal, it does not belieQe that such consistency
should be achieved at a sacrifice of environmental
protection. Lowering its flash point limit to
100°F would exclude from regulation wastes
which present a real haz#rd. Congresé expii;itly
contemplated such disagreement between EPA
and bOT when 1t provided aﬁ Section 3003 of
RCRA that the Administrator "is authorized '
to make»recommendations to the Secretary of
Trénséo;tation resﬁecting the regulation of
es.hazardous waste under the Hazardous Yaterials
Transportation Act and fqr‘addition of materials
;olbe covered by such Act.”

A number of coﬁmen:ers argued that EPA's
definition of ignitable waste could be made
consistent'with DOT's reguiations by édopting

both DOT's definition of flammables (F.P. 100°F)

‘add DOT's definition of combustibles (F.P. 100°F

= 200°F) and 4including both categories within
EPA's ignitable yasté classification.

EPA originally considered controlling wastes
with a flash point of up to 200°F. Howvever, the

Agency concluded thét, even though such wastes

- might present a hazard once ignited, wastes which

are easily ignited under conditions encountered

. =33-




during transportation, stofage, and disposal present
the greater danger. Therefore the Agency elected
not to control wastes with a flash point of up to
200°F under Subtitle C of RCRA and believes
that to control such wastes would create an
additional burden and expense to the reguiatéd
conmunity, which is not justified solely by
consideration; of consistency.
One commenter sugge;ted that the Agency develop
a two-tief system for defining ignitable liquids
by adopting the DOT flammaﬁle category for wastes
with flash points less thanm 100°F and adéing a
combustible category for wastes with flasb points
from 100°F to 140°F. The primary justification
given for thisAtwo—tier system was the assertion
ﬁhat the 140° temperature specified in the
fgnitability flash point limit might be applicable
to_the disposal of wastes in landfills but not t?
transportatiou of wastes. No data was presented -
in support of this assertion.

The Agency disagrees with this comnent-fo;
two reasons. Firét, as noted above, the DOT
flash point limit of 100°F does not take into
account the full range of temperatufes-likely
to be encountered during the transportation of
hgzardous wastes. J.M. Kuéhta; et al., in an

early DOT study, recommended that DOT adept a

~34=
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flash point limit of 140°F for flammable liquids
bééause tempefatures of this order can be
encountered during transportation. Second,
erecting é two-tler systenm in which some wastes
wére-regulated for pufposes of disﬁosal but nat
for purposes of'transportation would mot be

compatible with the hazardous waste management

'system mandated by the Act and the regulations.

The Act envisions and the regulations require a

comprehensive "cradle-to- rave” management
P .

control system which tracks hazardous waste
from its point of generation to ultimate disposal.

Piecemeal_regulation of waste for disposal purposes

‘would be administratively infeasible and not in

accordance with this system.
ngeral commenters pointed out that under DOT's
regulations, "combustible” liquids packed 1in
coﬁtainers of 110 gallons or less are exempted
from DOT's placarding, containerization, étc.
requirements. These conmenters argued. that since
EPA intends to reguiate 110 gallén Quantities-of
"combustible” 1iquids with flash points in the
range 100°F - 140°F, confusion will result, —
vThe Agency believes tha; any confusion
caused by ;hg Agency's regulat;ohﬂof 110 gallon
quantities of DOT defined combustibles will be
minimal.'~Most generators who ship-in léss'than
110 gallon quantities will probably fit within
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the‘Agency's "smal}'generator exemption" and will’ fﬁ
thus not be subject to anr ZPA~imposed shipping |
requirements. It should 20z cause any undue

coﬁfﬁsion to require generazors who ship in less

than 110 gallon quantities Sut do not fit within

the "small generatof exematZon” to observe DOT ‘ - .
placarding, etc. requiremencs.

Several éommenters proposéd that the Agency
eliminate the inconsistencylbetween its ignitable
Vstandard and DOT's flammadle and combustible stan-
dards by petitioning DOT :zo raise its flash-point
limit for flammable liquids to 140°F., The

Agency has requested DOT o change its flash

point 1imi£m%or flammable lZiquids to 140°F, but {‘ i
DOT refused, |

Some commenters expressed concerﬁ that the

Agency's ignitability definition would include _ -
waste fuel oils which could be burned as fuel

0oil and thus put to a beneficial re-use., The

regulations promulgated today will not include

waste oils which are beneficially réused‘or

reclaimed. Waste fuels wiizh are put to bene-

ficial re-use wiliAthus not be regulated as

hazardous.

One commenter-argued that)the autoignition

temperature is a better m:zasure of the hazard

presented by liquid waste than the flash point.
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2.

This comment has been adequately responded to
above and needs no further response here.

A 'number of comments objected to the proposed test

protocols for the ignitability flash point limit (140°F).

Several commenters érgued that an open cup flash point
analysis better simulates landfill conditions and is
therefore a better measure of the hazard presented by
liquid ignitables than a closed cup flash Roint
analysis.

The Agency does not disagrée than an open cup
analysis can simulate landfill éonditibns. Bowever,
as gotéd above, the closed cup tester was selected
because it simulates the most'dangerous type of
hazardous waste situation =--= thgt ié, the\situaéion
where ignitabi;‘liquid vapors colleqt in a confined
space such ag a storage area or a structure adjacent
to a landfill. Another reason the closed_cup tester
was selected is that the open cup tester does not

give results which are as reproducible as those of the

‘closed cup tester.

Several comqenteré agreed with the upper flash point
limit of 140°F using the closed cup method but also
urged the Agency to include an optional limit of
100°F using the open cup ﬁethod. The basis for
this suggestion was that sone reference books only
present open cup data.

The Agency disagrees with these cogmenters on two
counts. First, most reference ﬁooks'list £lash points

-37-
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only for. pure substances and simple mixtures. Waste
str;ams are complex mixtures_whose flash points can only
be ascertained by teéting and not by consulting a
reference book. Secéndly, a 1liquid tested in a closed’
cup tester generally flashes at ; lower temperature
than the same liquid tested in aum open cup. donse-
quently, 1f the Agency were to prescribe an optiomnal
open cup flash point linitvequivalent to its closed
cup flash point limit, that limit would of necessity
be higher than the closed cup limit. Unfortunately,
the Agency has not discovered an appropriate means
of .equating the two types of testers.

3. A number of commenters arguéd that the ignitability

;haracter;stic improperly inéludes many liquid wastes

such as wine, latex paint and other water borae coatings L

which contain lovico;centrations cf volatile organics

such as alcohol and will consequently exhibit flash points

below 100°F but will not sustaino combustion because of

the high percéntage of water ﬁresént. Th;se commenters

urged that the regulations should either specifically

-exempf such wastes or that the test fcr'ignitabi;ity

should be expanded to include alternative test methods

such as the British Combﬁstibility'Test or the ASTM

Wick Test which measure the abilility of materials to

sustain coumbustion. These commenters pointed out that

DOT currently excludes from its flammable category

aqueoﬁs sclutions containing 24 percent or less alcohol

by volume.

~38~
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The Agency geherally agrees with the concerns
egpre#sed by these’cdmmenters. However, problems do
exist in formulating an acceptable solution. Thé Agency
has at present no data which identifies the relation-
ﬁhip between the concentration levels of volatile organics
in aqueous solutions and the established flash point of
140°F. Coﬁsequently; the Agency hés opted, for the
time being; to use an .exclusion similiar to that
préscribed by DOT and exempt froﬁ the ignitability
characteristic aqueous solutions with alcohol concentra-~
tions of less than 24 percent by 7olume. ' This exclusion
will remove from the ignitability characteristic such
things as wine and latex paint wiich flash ét less thaq
160°F‘but willﬂnoﬁuéust;in combustion. The Agency will
undertake additional work to determine whether this’
alcohol/water linmit is sufficient or whether another

limit is more appropriate. Once development of the

" British Combustibility Test and the ASTM Wick Test is

completed, the Agency will also evaluaie these two
proposed supplemental test methods to deteimine whether
they can be used. o

4. One commenter suggested that the Tag Closed-Cup
Tester (ASIM method D~56) be included in the regulations
as. an equivalent zethods in testing Lgnitadble liquids.
The commenter argued that since this method was allowed
by DOT to test ignitable liquids, EPA should also allow

this method in order to avold needless duplicate testing.

e




"The Agency has not designated the Tag Closed Cup
Tester .as an acceptable tester becauéé'the Tag Closed
Cup Tester does not incorporate a stirrer and thus is
not suitable for testing wastes.thch are very viscous,
skin éver, tend to stratify or contain suspended solids.
Since most liquid wastes are expected to be in sludge
or semi-solid form,vthe usefulness of the Tagliague
Closéd Cup Tester was judged to be limited. The regula-
ted community is, however, still free to demonstrate
under the procedures provided in §§260.20 and 260,21 that
the Tag Tester is equivalent to the speéified methods.
5. One commenter argued that an ignitable waste
should simply be defined as a waste that is being
handled at a temperature greater than its flash point.

The Agency disagrees with the commenter. The
commenter's proposed definition would make the hazard-
ousness of a given waste entirely dependent on the
handling that waste Qas getting at 2 particular m&ment.
Such a highly-variaﬁle definition of hazardous waste
would make identification of ignitable wastes and
enforcement of the regulations impossible.

B. Comments on Ignitable Solids

l. A large number of commenters disagreed with the
proposed definition for solid ignitable wastes. Many
commentersvargugd-that the definition’as proposed éould
be construed to includeAmany non-hazardous materials suvch
as bark, wood chips, wastepapér, corrugated boxes, tires;

grass, etc. and suggested that the definition be revised
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to make clear that this result was not intended. Some
of the commenters suggested that the definition be

clarified by eliminating the phrase "or when ignited

‘burns so vigorously and persistenly as to cause a

hazard during management.” Others suggested changing

"or when ignited burmns so vigorously and persistently

as to create a hazard during its management™ to "and

when ignited burns soc vigorously ...
As indicated earlier, ;he Agency has no iqtention
of‘designating such things as waste éaper, saw dust,
etc. as hazardous. It is only interested in designat- -
ing solids whi;h ate llable to cause fires through
friction? absorptlion of moisture,-etc as.hazardous.
Such solids are thermélly unstable and will oftenm fit
within the reactiié‘cla;sification #s well as the ignit-
able classification. To réflect this intention, the

Agency has amended its final regulation by changing “"or

when ignited buras so vigorously ..." to “and when

ignited burms so vigdrously ees  This language makes
cleaf that the Agency doeg not consider material§ wﬁich
simply burn vigorously such as wastepaper to be hazardous.
2. Several commenters afgqed that the definition as
proposed was too vgéue and did not provide the gemerator
witﬁ enough guidance for détermiuing whether or not his
wvaste was ignitable. These comnenters went on to

regomﬁend that 2 more specific test be established for

solid 1ignitables.




The Agency donsiders the ﬁrose definition of so0lid

ignitables to be sufficiently specific to enable the

" generator to determine whether or not his waste is

hazardous under the regu;ations. Hos:‘generators whose
solid wasteé #re dangerous qﬁe to their iénitabilicy
will be well aware of this property since ignitable
solid wastes present speciai problems in handling,
storage and transport. It will only be rare iﬁstanceé
that a genérator would ﬁe unsure‘of the ignitadbility
of his solid waste or unable to assess whether the
waste fité the prose defintion. Unfo}tunately, as
nbted above, no test methods have been_adequatelj
developed which adequatelylmegsure the ignitabilicty
hazard presented by solid wastes. Therefore until

an adequate test method is developed, the Agency

Qill continue to use a prose defini;ion for non-liquid
ignitables,

3. Several commenters pointed out that the proposed
defin;tion classify slags from refining operations

as hazardous on thé basis of their retained heat.
These commenters argued that inclusion of ;hese-

slags as 1ignitable was outside tﬁe intent éf Congress .
and suggested thét the regulation be modified to
exclude slags.

In proposing the non-liquid (éolid) ignitability

.definition, the Agency was concerned with wastes such

as slags which retain a considerable amount of heat
and which, if placed in a landfill, could present




a problenm Sy ralsing the température of other wastes
to their flash points. Eowevgr,'in re-evaluating
this class of wastes, the Agency believes that these
w;stes are.p;oduced in such high voluﬁe that they
~would never end up in a sanitary landfiil and preseﬁt
the problem as desc?ibed in the abo%e scenario.
Therefore, the Agency has amended the regulation by
deleting the fol;owing phrase "...0r retained heat
from manufacturing or processing.f

Comments on Ignitable Gases

l. 'One commenter suggested ;hat the ﬁerm ‘ignit;ble
comﬁressed gases” be changed to “flanmable compressed
gas™ as defined by DOT in 49 CFR 173.300 (b).

The term "igni:ablé” has ﬁéen‘used by the Agency
to maintain consistency with the rest of the Agency:s
ignitability definition, It should be c¢lear from the
definition that, insofar ;s compressed gases arTe
conéerééd, the Agéncy's use of “ignitable” and DOT's
>,use of "flammable”™ are indistinguishable. Therefore;
there is no need to ﬁodify the final regulation as

suggested by the commenter.

2, One commenter recommended that ignitable com-~
pressed gases be excluded from the definition of
ignitable waste since the main bazérd preseﬁted by

gases occurs during transporation.

- The Agency disagrees with this coummeater. An

ignitable contained gas, with pressure greater than
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40 1lbs. per sq. inch, could present a danger to

human health and the environment through the leaking

or’rupiure of the container during handling or

disposal, as well as during transportation.

Comments on Ignitable Oxidizers

1. One commenter reques;ed further c¢larification on
the defiﬁition of oxidizer;

49 CFR 173.151 defines an oxidizer as 'g
substance such as chlorate, permananganate, inorganic
peroxide, nitro carbo nitrate, or a niﬁrate, that
yields oxygen readily to stimulate the combustion
of organic matt;r." Section l73.l$la goes on to
define thé term organic peroxide. This definitioq
is as good a description of oxidizing cozpounds as
has been developed short of using a test method
with a quantitative limit. Unfortunately,-as noted
above, an appropriate test method has not been
developed by the Agency or any other crganizatién
and until one is found the proposed definition

will be used.

2. One commenter questioned the possible overlap

?etween ignitable oxidizers and reactive ‘oxidizers.
The commenter went on to question whether these
waste§ would have to be recorded as both reactive
and ignitable on manifests and reports.

The difference between ignitable oxidizers and
reactive oxidizers is-lﬁrgely a matter of degree.

C=b4-
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Thus, it is alﬁost impossible ﬁo draw a clear 1ine
.Between the two., However, for_purposes of these
regulations, an oxidizer which reacts violently should
be considered a reactive waéte; on the"othgr hand, an
oxidizer which reacts in a milder manner, should be
considered an ignitable oxidizer. In the main, the most
important consideration is that thege oxidizers be

controlled sufficiently to prevent danger to human

health and the environment.

E. Sﬁmmary of Data on the Ignitability Tester Published in

I3

ithe NUS Report* and Response to Comments Received on

that Noticed Report

On December 28, 1979 (44 FR 49278), the Agency-noticed
a report for comment which contained the result§>of running
the PenskyMartens flash point tester to determine the
flash points of two selected waste sludges. -The flash
point determinations were presented- at Tabie 5, (93.47),
and includéd the.following e#planation:

The ignitabilty (flash point) test results obtained
by the Pensky-Martens Closed Tester are exhibited in
Table 5. The ASTM method states that results submitted
by each of two laboratories should be considered sus-
pect if the results differ by more than 3.3°C (6°F) for
suspensions of solids having a flash range between 35
to 43.3°C (95 to 110°F). The procedure further
states that the reproducibility between the average
of duplicate results by two individuals or laboratories
would be considered suspect if the results differ by

\

*"Evalution of Solid Waste Exgractioh Procedures and Various
Identification (Final Report)'", NUS Corporation, September,
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TABLE 5.

ANALYSIS RESULTS FOR IGNITABILITY TESTS

Flash Point

Sample Laboratory C F
Refinery Sludge J 31.1 88
(Tank Bottoms) K -5.6 22.
Paint, Pigment J 33.3 92
Sludge K 43.3 100
Refinery Sludge J >82.2 >180
(Tank Bottoms)2 X >93.3 >180%

@Same sample, repeat analysis;

for the differences.

no explanation can be offered

*One commenter noted that the F° conversion for >93.3 was in-
correct (i.e., the conversion of >93.3°C should be >200°F not

-180°F).  The Agency agrees with this commenter.
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more than 10°C (18°F) for viscous and/or heavily
pigmented materials (e.g., paint and pigment sludge).
The refinery sludge {(tank bottoms) results are defi-
nately not in agreement, whereas the paint and
pigment sludge results are coansidered questionable.

NUS made these conclusions about the Penskf—Martens

tester and the two samples:

The Pensky~Martens Closed Cup Tester gave incon-
sistent results for the refinerv sludge {(tank bottoms)
and marginal results for the paint and pigment sludge.
The refinery sludge was an oily mixture containing
water, and variable results can be expected for a non-
homogeneous sample of this type. The paint and
pigment sludge was highly wviscous. The Penskv-Martens
Closed Cup Tester or equivalent is acceptable for
homogeneous mixtures containing a large fractionm of
flammable volatiles. However, industrial wastes which
are ‘'viscous, heavily pigmented, and/or nonhomogeneous

are expected to give inconsistent and perhaps conflicting

test results. A different method may provide better
results with other sample types.

Two commenters stated that the wTesults presented in the
NUS feport,seribusly\questiod both the validity and repro-ﬂ
ducibility of the procedure. One commenter afgued‘that
given the contradictory results from the NUS ignitability
tests, additional,developmental work needs to be'conducted
to better define the test conditioas and pa?ameters of the
test. Anéther commenter stated that, until this was done,
the scientific basis for defining ignitable hazardous
waste would be inadequate. A third commeﬁter stated that

inconsistent and perhaps conflicting test results are ex-

pected for other viscous, heavily pigmented wastes. The

first commenter noted that, in the refinery sludge sample, the

difference in flash point measurements between the two labora-

tories was 36.6°C or 66°F, and that when the samples were

A




‘again rUn;_the results were vastly different. This cormenter

further noted that in this second run laboratory J, which

had initially reported a value of 31.1', reported a value

of >82.2°C, a value which was totally un#ceptable since

82.2°C‘is a temperature that should ﬁe determined with

precise accuracy by the use of cowmgnly available equipment.
The Agency Believes th;t these cocmenters may haveAbeen

somewhat rash in condemning an industfially accepted standard

test method (the Pensky-Martens Closed Cup Te;ter ~ American

Society for Testing Materials Standard D-93-72) based on

the review of trial runs performed cn two samples. This test

method has for a number of years been used successfulls

by the Department of Transportation iq its regula;ion of
hazardous‘matefials. The Agency agrees that the (1) non-
homogeneous nature of one'sample ané {(2) the high viscosity
of the other may have surpassed the limits of the particular
test*., However, the Agency does not'agree that the two

test results reported in the NUS repor:t are suffigient indi-
cation that the test may not be reprodu;ible. A large

number of circumstances .could have produced this difference
in flash points. Difficulty in sampling and splitting

oil/water mixtures, insuring that light volatile fractions

*In promulgation of the ignitability standards in todavs
Federal Register, the most current test standards will be
incorporated (i.e., Pensky-Martens Closed Cup Tester D93-
78). This updating should improve the applicability of
the test methods to sludge because of the incorporation of
dewatering techniques and viscositr limits.
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do not escape duriné handling, and sample pregervation all
cou1d>have>contributed to false readings. Next, the same
samples were run throﬁgh the flash point test at different
times, (The tank bottom sample was first run in the labora-

tories in November of 1978; these samples were then tested

-again in February of 1979. The result of which produced

the much higher flash points of >180°F. 1In disagreement
with "the coﬁmen;er, this is an acceptable way to present
the data, as the samples began to boil aréund 180°F and

tﬁe test had to be terminated. The Agency was in error in
having the tank bottom sample re-tested after such a delay
in time and not reporting so. The other waste stream to be
tested (paint and pigment sludge) was a highly viscous
homogeneous waste with suspended soli&s. No viscosity
determination was made before the test. The result for
this test sho%ing ; 18°F diffgrence between the two labora-
tories is a very good result censidering the extreme viscos-
ity of the sample, énly one test performed at each labora-
tory, and lack of a sample preéervation techﬁique. Obser-
vations made during the test were not reported.

One commenter argued that the additional cited docu-
menﬁ did not provide validation of thé characteristic test
method for listing or delisting. The Agency agrees with
this commenter. However, the pfimary objectiy; in running
the test was to develop additional baseline aata on'running
wastes in the Pensky-Martens:C1oéed Cup Test, not to validate
tﬂe tesf. Thé Agency assumes that this test method has al-
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ready been_yalidated‘since the tese method has been adopted
bj DOT in their transportation regulations and iS'comenly
 accepted by industry as a standard test method.

One commenter presented a rationaleAthat explains
'the failure of the two laboratories in relating equivaleat
results, Stating, such results can be obtained in the
event that the sampling procedures, subsampling procedures,
and f{nglly the individual test s;mpling procedures are
not all representative of the starting material. The
commenter goes on to. say that what is needed is a method
of obéaining a sm;ll representative poréion of these materials.,
That is to say, a sample of aﬁproximately 100-150 =l which
is in turn representative of the origingl sample, e.g., a
lagoon or holding»tank. Such materia}s aré, frequenfly,
themselves inhomogeneous and éontain iumps and evea rubbish
so that a truly representative sample from all strata
within the holding tank §rplagoon and from various locations
should be appropriately composited iﬁto a lérge vessel.
This large initial vessel, possibly a five gallon cdntainer
or even a fifty-five'gallon drum, itself should be tightls
daéped during storage and théroughly homogenized befbrg sub-—
éamplgs are taken. Alsé, the commenter. suggests that
'after the test samples have beeq‘obtained, they should be
introduced without delay into the Pemnsky-Martens apparatus
at room temperature, If the sample flashes immediately,
another samplé-aliquoﬁ should be cooled and introduced in:o
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a clean cooled Pensky-Martens apparatus. Further, the

flash point techmician should be thoroughly trained in the

" sciences of running the Pensky-Martens apparatus. This

commenter also relates that inrtheif experience lumps of
material and‘bumping during ;he stirring process can lead

to spuriously high or spuriously low flash points. The
commenter recommen&s that the testingnbe reported in duplicate
(do not average). If Qaiues disagree by more than some
specified value (pick a number), then run samples in duﬁli—
cate on another test date. Report all dataAobtéined together
with all anecdotal information, e.g.,v”couldn‘t stir sample,"
"sample foamed," "boiled over," "extinguished flame."

The Agency feeis that this commentgr's suggestions are
very much in order. EPA is currently developing a sampling
methodology, sample preservatioﬁ, and sample splitting
handbook which wili be available to the public. The problem
of obtaining a repreéentative sample of a particular~wa§£e
stream so that appropriate testing can be accomplished has
beeﬁ a concern of the:Agency and it's contractors who must
sample and analyie waste streams. The Agency agrees that
reporting anecdotal information or observations made during
a test is nécessary. Data collection on very viscous,

high solids, and/or nonhomogeneous sludges will be the way

.the Agency assesses the hazard of sludges which because of

some physical restraint are outside the limits of a particular
tester. This is not to say that what is not reproducible

in one standard is reproducible in another. The Agency
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again agrees with this commenter in tkat more information
should be reported concurrently with ©lash points so that
proper hazard evaluation can be made.

v. Promulgated Regulation

As a result of EPA's review of the comments regarding
the ignitability charactéristic, EPA Is promulgating an
ignitability characteristic which differs from the proposed
regulations in two aspects. First, the definition for
liquid ignitables specifically excludes wastes which have
a flash point less than 140°F and contaian 24 percent or
less alcohol by volume; secondly, the definition for non-

liquid ignitables has been clarified zo better reflect the

Agency's regulatory inteunt.

§261.21 Characteristic of ignitabiii=y
(é) A solid waste exhibits the characteristic of

ignitability if a representative sanmple of the waste has
any of the following pfoperties:

(1) It is a liquid, other than an aqueous solution
containing less than 24’percent alcohol by volume, and has
ra flash point less than 60°C (140°F), as determined by a
PensKy-Martens Closed Cup Tester, using‘thé test method
specified in ASTM Standard D-93-79, or a Setaflash Closed
Cup Teséer; using the test method specified in 'ASTM standard
D—3278-7é, or as determined by an equivalent test method

approved by the Administrator under the procedures set
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forth in §§260.20 and .260.21.%

(2) 1t is not a liquid and is capable, under

standard temperature and pressure, of causing fire through

friction, absorption of moisture or spontaneous chemical
changes and, when ignited, bu:ns so vigofouﬁly and persis-
tently that it creates a haz;rd.

(3) It is an ignitable compressed gas as defined
in 49 CFR 173.300 and as detefmined by the test methods
described in that regulation or equivélent test methods
apprbvgd by the Administrator under §§260.20 and 260.21..

k&) It is an oxidizer as defined in 49 CFR
173.151.

(b) A solid waste that exhibits the characteristic of

ignitability, but is not listed as a hazardous waste in Sub-

part D, has the EPA Hazardous Waste Number of DOOL.

*ASTM Standards are available from ASTNM, 1916 Race Street,
Philadelphia PA 19103. '

N
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Appendix I
Examples of Accideats

Involving Ignitable Waste
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A East St. Louis, St. Clare County ’

-:he Mal-Milanm i#ndfill has accepted various industrial
wastes for more than ten years.  Some of these wastes come from
the Chrysler Corporation and Hallinkrodﬁ Chemical Wo;ks and
inélude solvents (phenols) and wastes from plastics manufacture.
Two serious fires occured at the site during compaction operations\
on August 29, 1973 and on April 4, 1974, The fires burﬁed for
two days and involved personal danger and much difficulty to
extinguish., dnly after the second fire when the disposed
ﬁermits came under réview were changes made in the operation.
Fire protectioﬁ handbook 1ists phgnql (Csssoﬂ) with a flash
point of 175°., Waste from plastics maﬁufacturiqg may include
a nunber of ignitable solvents and their still bottoms; |

Illinodis
Chicago, D#n Ryan EXxpressway

Several dozen bdarrels of chemical wasfc exploded in a
truck bin on the Dan Ryan Express&ay, spewing barrels and flames
over cars and smarling rush-hour trafficg on all fqur Chicago
expressways. The exglosions occured at 3:15 p.m. on the elevated
portion of-the Ryan Expressway. The chemical believed to be
sodium nitraﬁe, was part of a load being carried by an industrial
garbage truck to a garage in Crestwood from a chemical com§any'
;ﬁ West 18th Street. Barrels which were catapulted into the
air landed among the cars or Aropped 50 feet to the ground

-

level. Two policeman were treated for eye injuries from the
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smoke. Sodium nitrate is a D.0.T. oxidizer ané being such is
an EPA ignitable oxidizer.
Pennsylvania
Harrisburg. Dauphin County 1/75

An explosion oqcurred at the Harrisburg City incinerator
which resulted in building damage totaling approximately §$95,000.
The explosion’resulted from the ignition of a drum of spray
adhesives delivered by the Rolance and Rolance'Supply Co.
Proper disposal of these adhesives would of prevented this
déngerous situation., Municipal incinerators like municipal
landfills are generally not equipped nor permitted to handle

ignitable hazardous waste.

Pennsylvania
Whiteﬁarsﬁ Township, Hontgomer& County

Two explosions and the coﬁtamination of residential drinking
wvater resulted from the development of metﬁane gas in a landfill
ln Deck Quarry, Montgomery County, Pennéylvania. Thg gas novad
through rock fractures. A well=pump épark ignited the gas
causing explosions. Residents have evacuated theilr houses
permanently and the contaminated well area ﬁas been yeqted by a
trench and holes dug at the land£411 ia late 1969. The lénd“ll
accepted municipal and some industrial wastes until its closure
in 1969. - The mioration of gases from landfills is a problenm

-

throughout the country. Organic solvents which volatilize at




ambient temperatures. (that is, less than 60° C) join witﬁ
refuse degradation products causing concentration build-up in
néafby structures,'ménholes, conduits, and in the ground itselsf,
A det;il analxéis of landfill gas from a different landfill,

one in California, showed fifty-some organic contaminates to

the methane724

New Jersey‘
Toms River, Berkeley Township

1500 or more deteriorating chemicai‘drums buried in Bérkeley
Township, and considered potentially exzplosive by the state,
could cause Fhe relqcation of a major Oceaﬁ County Sewérage
Authority interceptor lines. The presence of the hazardous
drums known to State Department of Envir&nmental Protection
since 1974 has resulted in hiring an‘éngineering firm to monitor
ground water. One of the substances known to be buried at the
site is metallic sodium (825 druﬁs frono Union Carbide buried in
1960) whichAis a ignitable solid. A firg at the dumpAsite ia
1974 was put out vith dry sand after water made thevflames

worse. Metallic Sodium is an ignitable solid.

Illinois
Calumet, Cook County 9/75
.A landfill operator died from severe burns when the
compacter.that ﬁe was operating struck a 55~-gallon drum of ethyl -

acetate (flash point 24°). The incident occured after a scavenger/
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hauler had depositgd"é load at the Calumet Industrial DeveIOp--
ment LaQAfill in the dark hours ofvthe morging.
Waéhington
Everett, Snohomish County 9/74

The N;W. Wire Rope Corp., cleaning cff debris from the
site of a ﬁetal reduction plan;, sent 200 cublc yards to a
landf1il1l near Siver Lake. The debris comsisted Qf aluminumA
dust, magnesium chips, and two broken drums of concentratead
phosphorus. Upon dumping and compaction, the material ignited
and developed into a fire. Water could not be applied to the
waste and explosions eliminated chances to ébtain samples need
for analysis. The fire started after the imprbper disposal of

ignitable solids.

Michigan
Forest Waste Disposal, Genesee County

While burying drgms containing an unknown waste, a bulldozer
operator at the Forest Waste Disposal‘Landfill began experienciﬁg
dizziness and eye irritations. As a result, he left his |
bulldozer and upon returning found the nachine in flamgs.
Evideﬁtly, some of the drums contained ignitable solvents and
?he wast; hauler, Berlin and Farrow, was suéposed_to incinerate
their ignitaﬁle waste. - The wastes were generated by the
§aganouéh'5teering Gear Co. Landfiil owner 1s contemplating legal

action against the waste hauler.




Ohio
Elda, Iﬁc. Dump; Cincinnati

An employee of a priv;teAdump was burned over 50 percent
of his body when several(containers of unknown volatile liquid
caught fire and enveloped his bulldozer. The employee was
attempting to put out a sméll fire when the bulldozer hit the
containers. Firemen‘were hampered because no hydrants were.
located at the dump. The problem of unidentified ignitable"
solvents being placed in municipai landfills keeps cropping up.
Danger to landfill personnel and degradation of the environment
occur from this waste.

Pennsylvania
Springfield Township, Delaware County

The Mayer landfili‘of Delaware County, Pennsylvania, formly
accepted various kinﬁs of iﬁdustrial wastes. At times, tank-car
quantities were dumped at the site as well as many barrels df
unidentified chemical wastes. Dﬁriﬁg compaction operations in
19;1, an eéxplosion occurred which destroyed aABulldozer_and

caused a fire that burned for several days. Problem disposal

sites like this exemplify the need for ignitable waste controls.
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Regulations of States

Californials

Flammable. (a) “"Flammable means:

(1)

(2)

(3)

(4)

(5)

A liquid which has a flash point at or below 37.8
degrees centigrade (100 degrees farenheit) as
defined by procedures described in Title 49, Code
of Federal Regulations, Section 173.115.

A gas for which a mixture of 13 pércent or less,
by volume, with air forms & flammable mixture at
atmospheric pressure or the flammable range with

-alr at atmospheric pressure is wider than 12 percent

regardless of the lower limits. Testing methods
described in Title 49, Code of Federal Regulations,
Section 173.115,'shall be used. 4

A solid which 1is likely to cause fires due to

friction, retained heat from processing or which

can be ignited under normal temperature conditions

and when ignited burns so as to create a serious

threat to public health and safety. Normal temperature
conditions means temperatures normally encountered

in the handling, treatment, storage and disposal

of hazardous wastes.

A gas, liquid, sludge or solid which ignites
spontaneously in dry or moist air at or below
54.3 degrees centregrade (130 degrees Fahrenheit)
Or upon e€Xposure to water.

A strong oxidizer. Section 60415 "Strong Oxidizer™
means a substance that can supply oxygen to a -
reaction and cause a violent reaction, or sustain

a fire when in contact with a flammable or combustible
material in the absence of air.

Minnesoca19

Flammable material: any material that:

- 3.

has a flash point below 93.3°C (200° F) except the
following:

(1) a material'cohprised 0of miscible components
having one or more components with a flash

II-1




point of 93.3°C (200°F), or higher, that make
up at least 99% of the total volume of the
mixture;

(2) a material that has a flash point greater than
37.8°C (100°F) _.and that when heated to 93.3°C
(200°F) will not support combustion beyond the
flash:

(3) an explosive material; or

b. may ignite without application of flame or spark
including, but not limited to, nitro cellulose,
certain metal hydrides, alkali metals, some oily
fabrics, processed metals, and acidic anhydrides.

Flash point: The minimum temperature at which a material gives
off vapor within a test vessel in sufficient concentration to
" form an ignitable mixture with air near the surface of the

material.

Oxidative material: Any material with the property to readily
supply oxygen to a reaction in the absence of air. Oxidative
materials include, but are not limited to, oxides, organic

and inorganic peroxides, permanganates, chlorates, perchlorates,
persulfates, nitric acid, organic and inorganic nitrates,
iodates periodates, bromates, perselenates, perbromates,
chromates, dichromates, ozone, and perborates. Bromine,
chlorine, fluorine, and iodine react similarly to oxygen

‘under some conditions and are therefore also oxidative
materials.

Flamamable materials: Whenever the flash point of a waste 1is
to be determined, one of the following test procedures shall
be used. The test chosen shall be appropriate for the
characteristics of the waste that is tested.

(2a) Standard Method of Test for Flash Point by Tag
Closed Tester {(ASTM D56-70).

(b) Standard Method of Test for Flash Point of Aviation
Turbine Fuels by Setaflash Tester (ASTM D3243-73),

(c¢) Standard Methods of Test for Flash Point of Liquids
by Setaflash Closed Tester (ASTM D3278-73),

(d) Standard Method of Test for Flash Point by Pensky-
Martens Closed Tester (ASTY D93~ 73) or alternate
tests authorized im this standard.

. For any waste containing components with different
volatilities and flash ponts and having a flash point higher
than 93.3°C (200°F) according to the test procedure employed, -
a second test shall be conducted on a sample of the liquid
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portion of the material that remains after evaporation in an
open- beaker (or similar container), under ambilent pressure.
and temperature (20 to 20°C) conditions, to 90 percent of
original volume or for a period of four hours, whichever
occurs first, with the lower flash point of the two tests
being the flash point of the material.

Oregon20

Flammability is defined as:

(a) material which is readily ignited under ambient
temperatures .

(b) material which on amount of its physical form
or environmental conditions can form explosive
mixtures with air and which is readily dispersed
in air, such as dusts of combustible solids and
mists of flammable or combustible liquids

(¢) material which burns with extreme rapidity,

" usually by reason of self-contained oxygen,
materials which ignite spontaneously when exposed
to air ' : :

(d) 1liquids, solids or gasious material having a
flash point below 37.8°C (1l00°F). -

Ohio3
Flash points below 173°F
Very volatile flammable liquids, very flammable liquids

and gases, and substances that, in the form of dusts or mists
readily form explosive mistures when dispersed in air., '

Washington21

Flammable: substances which have a flash point at or
~below 40°C (100°F), as determined by the Tagliabue open cup
tester, or other suitable method. '
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Agencies and Organizations

‘Department of Tramsportation?

(1)

(2)

(3)

_

flammable liquids are those having flash points
below 37.8°C (1l00°F). ’ '

combusfible liquids are those having flash points at

"or above 37.8°C (100°F) and below 93.3°C (200°F).

a flammable solid 1is any solid material other than

one classified as an explosive, which, uunder conditions
normally incidental to transportation is liable to
cause fires through frictiomn, retained heat from
manufacturing or processing, or which can be ignited
readily and when ignited buras so vigorously and
persistently as to create a serious traasportation

hazard.

Consumer Product Safety Commission22

(1)

(2)

(3

(4)

the term "extremely flammable” shall apply to

- any substance which has a flash point at or below

20°F as determined by the Tabliadbue Open Cup
Tester

the term "flammable™ shall apply to any substance
which has a flash point above 20°F, to and including
80°F, as determined by the tester mentioned above

" "Extremely flammable solid” means a solid substance

that ignites and burmns at an ambient temperature of
80°F or less when subjected to frictiom, percussion,

1or electrical spark

"Flammable s0lid”™ means a solid substance that when
tested by the method described in Section 1500.44,
ignites and burmns with a self-sustained f£lame at a
rate greater than one~tenth of an inch per second
along its major axis.

Environmental Protection Agency (Title 40 (Pesticides),‘CFR,

Part 162)

The proposed rulemaking includes flammability labeling
requirements. T"Extremely flammable” and "flammable” categories
correspond to those found in Title 15, U,S. Code, Sec. 1261.
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(1) Extremely flammable - a flash point less than 20°F.

(2) Flammable - a flash point greater than 20°F and
less tham 80°F.

(3) Combustible - a flash point greater than 80°F and
' less than 150°F,

National Academy of Sciences (Ad - 782 476):

Rating - - Definition
0 - Insignificant hazard . Not Combustible
1 - Slightly hazardous Flash point larger than

60°C (140°F)

2 - Hazardous ‘ Flash point from 37.8 to
60°C (100 to 140°F)

3 - Highly hazardous ' Flash point less tham 37.8°C
‘ (100°F) and boiling point
greater thanm 37.8°C (100°F)

4 - Extremely hazardous Flash point léss than 37.8°¢C

(100°F) and boiling point less

than 37.8°C (100°F)

Nétional Fire Protection Association?3

Flammable liquid shall mean a liquid having a flash point
below 37.8°C (l100°F) and having a vapor pressure not
exceeding 40 pounds per square inch (absolute) at
37.8°C (100°F) and shall be known as a Class I liquid,
Class 1 liquids shall be subdivided as follows:

Class IA shall include those having flash points below
22.8°C (73°F) and having a boiling point at or below
37.8°C (100°F). Class IB shall include those having -
flash points below 37.8°C (100°F) and having a boiling
point at or above 37.8°C (100°F). Class IC shall include
those having flash points at or above 22.8°C (73°F) and
and below 37.,°C (100°F). :

- Combustible liquids shall be subdivided as follows:

Class 11 liﬁuids shall include those having flash points
at or above 37.8°C (100°F) and below 60°C (140°F). ~
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Class IIIA iiquids

points at or above

Class IIIB liquids
points at or above

shall include'those having flash
60°C (140°F) and below 93.3°C (200°F).

'shall include those having flash

93.4°C (200°F).,

Booz-Allen Research, Inc., EPA, 1973 (PB 221f464):

A material is flammable if it has a flash point that is
less than 37.8°C (100°F) and a boiling point less than
37.8°C (100°F) spontaneous combustion and/or explosive

. reaction.
Department of the Navy:
Hazard Level

4

Criteria -

Flash point less than 100°F and
boiling point less than 73°F.

Fp less than 100° and Bp greater
than 73°F and less than 100°F.

Fp greater than 100°F and less
than 200°F. \

Fp greater than 200°F.

Material will not burn.
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Appendix TIII

Definitions

These definitions are the working definitions of ASTM's
Coordinating Committee on Flashpoint and Related Properties and

Interaction with Government Agencies ou these Properties,




L7

.

NOTE: The Agency has used several of the definitions listed
below, e.g. flash point in the body of the background
document. The remainder are included as a standard for
future work.

Autoignition —-the spontaneous ignition {(without an external
ignition source) of a material as the result of heat
liberation from an exothermic reaction.

Burning Velocity -fundamental velocity of a combustion
wave measured normal to the flame front.

Combustible =capable of undergoiang combustion.

Combustion -a rapid exothermic oxidiation process accompanied
by continuous evolution of heat and usually light.

Deflagration —~combustion which propagatss into the resacting
medium at a subsonic velocity.

Detonability Limits -the maximum and minimum concentrations of
a combustible in an oxidant, e.g., air, which will propagate
a detonation when initiated at specified temperature and
pressure,.

Detonation -~combustion or other reaction which propagates into
the reacting medium at a supersonic velocity.

Fire —the phenomenon of Combustion.

Fire Point -the minimun temperature to which a material
must be heated in an open vessel to sustain combustion for
a specified period of time after ignition by an extermnal
source, o

Flame -a zone of gas or particulate matter or both in
gaseous suspension that is undergoing combustion, as
evidence by the evolution of both heat and usually light.

Flame Température ~the temperature of the product species in
flaming combustion. '

Flame Speed -velocity of a combustion wave measured relative to
a stationary observer.

Flash Point -the lowest temperature, corrected to a pressure
of 101.3 kPa (1013 millibars), of a substance at which
application of an ignition source causes the vapors above
the substance to ignite under the specified conditions of
test.

Ignite -to initiate combustion.

I1I-1
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Lower Flammable Limit -the lowest concentration of a combustible
substance that is capable of propagating a flame through a
homogenous mixture of combustible substance and a gaseous
oxidizer under specified conditions of test.

Lower Temperature Limits -the lowest temperature at which a
combustible substance will produce a vapor concentration
equal to the lower flammable limit under specified conditions

of test.

Minimum Oxygen Concentration -~the minimum concentration of
oxvgen required to sustaim burning or flame propagation.

Temperature —the thermal state of matter as measured on a
defined scale.

Upper Flammable Limit -the maximum concentration of a2 combustible
substance that is capable of propagating a flame through a
homogenous mixture of combustible substance and a gaseous
oxidizer under specified conditions of test.

Liquid - (flammability regulations) -a substance that has a
definite volume but no definite form except such given by
{ts container. It has a viscosity of 1 x 1077 stokes
(L x 107 to 1 x 10~1 02 s-1) at 104° F (140° C) or an
equivalent viscosity at agreed upon temperature.
(This does not include powders aand granular materials).
Liquids are divided into two classes:

CL%SS A (low viscosity) a lisuid having a viscosity of
1 x 1073 to 25.00 stokes (1 x 107/ to 25.00 x 10 % a_ s %) at
104° F (40° C) or an equivalent viscosity at an agree upon
temperature.

CLASS B (high viscosity) a 1liquid having a viscosity of

-

25.01 - 1 x 103 stokes (25.01 x 10~% to 1 x 10 ~1 a2 s~1) at

104° F (40° C) or an equivalent viscosity at an agreed uponm
temperature. '

note: The above definitionm of liquid does not apply to
the meaning intended in this document but rather a
general definition of ASTM. ‘
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& SOCIATION OF

AVIERIGAN RAILROADS

=SLTI0NS AND MAINTENANCE DEPARTMENT - BUREAU GF EXPLOSIVES '
AN RAILROADS BUILDING - WASHINGTON, D.C. 20035 - 202/293-4048

‘R. R. MANION
Vice-President

R. M. GRAZIANO
Director

AEROSOL FLAME PROJECTION TESTS

Section 173. 300(b) subparagraphs (2}, (3), and (4) of Title 49 to
the Code of Federal Regulations referenced The Bureau of Explosives®
Flame Projection Apparatus, Open Drum Apparatus and Closed Drum
Apparatus to be used when examining aerosol products. :

The following are descriptions of the equipment and testing pro-
cedures to be used when conducting the tests. Any further questions
relating 1o this testing should be addressed to the Director at the above

address.

FLAME PROJECTION TEST

EQUIPMENT - The test equipment consists of a base
four inches wide and two feet long. A thirty inch rule {with inches marked)
is supported horizontally.cn the side of the base and about six inches above
it. A plumber’'s candle of such height that the top third of the flame is at
" the height of the horizontal rule is placeéd at the zero point in the base.

PROCEDURE - The test is conducted in a draft-free area
that can be ventilated and the atmosphere cleared between each test, The
self-pressurized container is placed at a distance of six inches from the
ignition source and the spray jetted into the top third of the flame with valve
opened fully for periods of 15 - 20 seconds. The length of the flame pro-
.jection from the candle position is read on the horizontal-scale. Three or

“more readings are taken on each sample zand the average is taken as the
result. Samples are also tested with valve in partially open positions to
test for ''burting back" to valve. ‘

bl B b aiadl I I R S S TR

DRUM TESTS

‘ EQUIPMENT- The equipment consists of‘a 55 - gallon open-
- nead steel drum or similar container which is placed on its side and fitted
with a hinged cover over the open end that will open at a pressure of 5 p.s.i. -
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The closed or solid end is equipped with one shuttered opening at the top.
This is for the introduction of the spray. The opening is approxunately
two inches from the edge of drum head aud is two inches in diameter.
There is a safety glass or plastic window six inches square in the center
of the solid end. A lighted plumber's candle is placed inside the drum on
the lower side and midway between the ends. :

- PROCEDURE - The LesLs are conducted in the open and
when temperature is between §0°F and 80°F.

---- OPEN DRUM TEST ----

This test is conducted with hinged end in a completely
open position and with the shutter closed. The spray from the dispenser,
with valve cpened fully, is directed into the upper half of the cpen end -
and above the ignition source for one minute. Any significant propaga-
tion of flame through the vapor-zir mixture away from the igniticn socurce
shall be considered a positive result -- but -~ any minor and unsustained

Yo

burning in the immediate area of the igniticn source shall not be considered
a positive result.

---- CLOSED DRUM TEST ----

: This test is conducted with the hinged cover d*opnef‘» into
position to rest freely against the end and to close the open end of ths .
drum to make a reasonably secure but not necessarily a completely air-
tight seal. The shutter is opened and the spray is jetted into the drum
through this shutter with valve fully opened for one minute. Afer clear-
ing the atomsphere in the drum, the jetting is repeated similar} Yy three

times. Any explosion or rapid burning of the rapor-air mixture B
suificient to cause the hinged cover to move is considered a sositive _
result. : -

F
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Pensky-Martens Closed Cup Tester
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AMERICAN SOCIETY FOR TESTING AND MATERIALS
1914 Race St., Philadeiphia, Pa., 19183 ‘
Reprineed from the Aanusl Book of ASTM Scandasds, Copyright ASTN

. Standard Mathod of Test for
FLASH POINT BY PENSKY-MARTENS CLOSED

TESTER!®

ADGPTED (a5 method GO-T), 1924; Last REVISED, 1971 . .
This Standard of the American Socisty far Testing and Materials is issued under the fixed designation D 93: the number
immediately following the designation indicates the vear of original adoption or, in the case of revision, the year of last
revision. A number in pareatheses indicates the year of last teapproval. This is also 3 standard of the Institute of Pes
troleum issued under the fixed designation IP 3. The final number indicates the yexr of fast revision.

This method wes adopied as a joint ASTM-IP Siandard in 1967.

1. Scope

1.1 This method covers the determination
of the flash point by Pensky-Martens Closed
Cup Tester of fuel oils, lube oils, suspensions
of solids, liquids that tend to form 2 surface
flm under test conditions, and other liquids.
For the determination of the flash point of
drying oils and solvent-type waxes refer to
Note 1. :

T . " . v the flash point as determined manually shail be
e e R Bt 03 G the hase  considered the referes test .o - -
point of solvent-iypz liquid waxes may be deter 4.2 Thermometers—~Two standard ther-
mi;eg:;iﬂzs Nq‘f;ﬁhOant;:g? v be foved | © mometers shall be used with the ASTM I
—This % : N
the detection of con::minag’:r} of l:;‘i‘i:%ing oﬁg Pensky-Martens lc'sler, .as follos‘rs:_, B
by minor amounts of volatile materials. 4.2.1 For tests in which the indicated read- :
. ing falls within the limits 20 t0 200 F (=7 to :
2. Applicable Documents =93 C), inclusive, an ASTM Pensky-Mar- -1
2.\ ASTM Standards: , tens Low Range or Tag Closed Tester Ther-
D 56 Test for Flash Point by Tag Closed mometer having a range from 20 to 230 F £
Tester? : (=5 to +110 C) and conforming to the re- ,,E
D 1310 Test for Flash Point of Liquids  quirements for Thermometers 9F (9C) and {
by Tas; Open-Cup Apparatus® as prescribed in ASTM Specification Eler ~i
D 1393 Test for Flash Point of Drying IP Thermometer I5F {15C) conforming to o
Qils? specifications given in Appendix A3, shall be
D 1437 Test for Flash Point of Solvent-  used.
Type Liquid Waxes* 3.2.2 For tests in which the indicated read-

E | Specification for AST M Thermom-
cters?

3. Suwamary of Method

3.1 The sample is heated at a slow, con-
stant rate with conunual stirring. A small
fame is dirccted inte the ~ep at rervlar in-
tervals with simuliznzous 1niertuption of stir-
ring. The Rash point is the lowest tempera-
ture at which application of the test flame
ciuses the vapor above the sample to ignite.

33

4, Apparatus

4.1 Pensky-Martens Closed Flash Tester,

as described in Appendix Al

NoOTE 3—There are automatic fiash point testers
available and in use which may be advantageous
in the saving of testing time, permit the use of
smaller samples, and have other factors which may
merit their use. If automatic testers 2re used, the
user raust be sure that all of the mancufacturer's in-
structions for calibrating, adjutting, and operating

- the instrument are followed. In 2ay cases of dispute,

ing falls within the limits 230 10 700 F (110
to 371 C), an ASTM Pensky-Martens High

* This method is under the jurisdiction of ASTM Come
mitiee D-2 on Petroleum Products and Lubricants.

Curtent edition 2pproved Aug 29, 1972, Puldished
October 1972, Oﬁginailyszublishm 33 D93 - 211921 Lam

-peevious edition D 93 -

ia the [P, this meihed 15 under the juticdiction of the
Stzazardization Comuntted,

tn 1971 the scope was revised,

! 4anual Book of ASTM Standards. Part 20,

' Anaual Book of ASTM Stendards. Part {1,

s Annual Book of ASTM Sicndards. Part 22.

s Annwal Book of ASTM Standerds, Pans 13 1nd 3O
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aﬁj”} Designation: D 3278 - 73

AMERICAN SOCIETY FOR TESTING AND MATERIALS ime

1916 Race St., Philadeiphia, Pa., 17103
Reprinced from the Annaal Book of ASTM Standwds, Copyright ASTM

Standard Methods of Test for

FLASH POINT OF LIQUIDS BY SETAFLASH CLOSED

TESTER!?

This Standard is issued under the {ixed designation D 3278; the number immediately follawing the designation indicales the

year of original adoption or, in the case of revision, the year of Jast revision, A aus

reapproval.

1. Scope

1.1 This method covers the determination of
the flash point, by Setaflash® Closed Tester, of
paints, enamels, lacquers, varnishes, and re-
lated products and their components having
fiash points, between 32 and 230°F (0 to 110°C)
kaving a viscosity lower than 150 stokes at
77°F (25°C).*

Nore |—Tests at higher or lower temperatures
are possibls.

1.2 The procedure may be used to determine

mberin parentheses indicates the year of last-

the tightly closed Setaflash Tester or dirccﬂy
into the cut that has been brought to within 5°F
(3°C) below the expected flash poinl. As a-
flash/no fizsh test, the expecred flash point
temperature may be a specification or other
operating requirements. The temperaturc of the
apparatus is raised to the precisc temperature
of the expectad flash point by slight adjustment
of the temperature dial. After | min, a test
flame is apriied inside the cup and note is taken
as to whethzr the test sample flashes or not. If &
repeal lest is necessary, a {resh sample qhould

it

LA

whether 2 material will or will not flash at a be used.
specified temperature or to determing the finite 3.2 For = finite flash measurement, the tem-
temperature at whicn amatcnalm“ flash, ' perature is séquentially increased through the

1.3 The results {rom this method zre compa- anticipatad range, the test flame being applied 'F

rabls . to those obtained by the Tag Closed at 9°F (5°C) intervals until a flash is ovscrved.
Tester procedure described in Mzthod D363 A repeat determination is thern made using a
and the Pensky-Martens Tester meztdod de- fresh sample, starting the test at the tempera-

scribed in Method D93, . .

2. Applicable Documents

2.1 ASTA Siandards:

D 56 Test for Flash Point by Tag Closed
Tester?

D 93 Test for Flash Point b) Pensky-Mart-
ens Closed Tester?

D 850 Test for Distillation of Industrial
Aromatic Hydrocarbons and Related
Materiuls?

D 1015 Test for Freezing Points of High-
Purity Hydrozarbons?

D 1078 Test for Distillation Range of Vola-

tile Organic Liquids?

3.. ‘Summary of Method

3.1 By means of a syringe, 2 mi of sumplz is
introduced through a leakproof entry port iaie

ture of the iast interval before the flash point of
the material and making tests at increasing 1°F
(0.5°C) intervals. :

4. Apparatus
4.1 Setcflash Testert, shown in Fig. X1, and

describad in Appendix X1,
4.2 Trermometers® conforming to spccxf'u-

'Thesz msthods are under the jurisdiction .of ASTM
Committes D-1 on Paint, Varnish, Lacquer, and Related
Produsts.

Currern. edition approved Oct. 29, 1973, Published De-
cember 1873,

21974 Arnual Bovk of ASTAS Slmru‘ard_c, Purt 29,

31973 Arnusl Book of ASTAL Standards, Part 18,

¢ Unit shown in Fig, X1 is manufactured by Stanhope-
Seta Lac, Purk Close, Eghum, Surrey, England. ht is
available ia 1he USA from Erdco l‘fwmc:rmﬂ Corp.. 136
Official Rod2, Addison. 1. 60101, or from P.:u! N. Guardner
Co.. Stativa £, P O, Box 6633, Fort Lauderdals, Fly, 31316,

* Ther=iwmglers may be obtmined from the wpph;ru of the

Sztaflash

-
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